Background. The intracardiac conversion rate of angiotensin (Ang) I to Ang II and the expression of angiotensin converting enzyme (ACE) mRNA are amplified in rat hearts with left ventricular hypertrophy (LVH). To examine whether the accelerated intracardiac Ang II generation in LVH is related to an induction of cardiac ACE, we studied localization and function of cardiac ACE in hypertrophied rat hearts using specific ACE inhibitors.
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Background. The intracardiac conversion rate of angiotensin (Ang) I to Ang II and the expression of angiotensin converting enzyme (ACE) mRNA are amplified in rat hearts with left ventricular hypertrophy (LVH) . To examine whether the accelerated intracardiac Ang II generation in LVH is related to an induction of cardiac ACE, we studied localization and function of cardiac ACE in hypertrophied rat hearts using specific ACE inhibitors.
Methods and Results. Cardiac ACE was localized and quantified in hearts from male Wistar rats with LVH due to chronic experimental aortic stenosis and from control rats. With the ACE inhibitor '"I-351A, a derivative of lisinopril, as a radioligand on coronal sections of LVH and control hearts, in vitro autoradiography demonstrated ACE binding in aorta, coronary arteries, atria, and ventricles of both groups. Quantitative analyses revealed that ACE density (counts per minute per cross-sectional area of tissue) was twofold higher within the myocardium of hypertrophied left ventricles compared with controls (p<O.OO5). Quantitative morphometry demonstrated a modest increase in the fractional volume of myocytes as well as capillary volume without an increase in the fractional volume of endothelial cells in left ventricular tissue from aortic stenosis rats. These data suggest that an increase in endothelial cell volume per se cannot alone account for the observed doubling ofACE density and support an upregulation of ACE production in hypertrophied tissue.
The role of cardiac ACE in intracardiac conversion of Ang Ito Ang II and its specific inhibition was studied in isolated, isovolumic beating, buffer-perfused LVH and control hearts. Biochemical conversion rates as well as functional changes in response to 3 X10`M Ang I were examined in the absence or presence of the ACE inhibitor enalaprilat (4x 10-6 M). After a brief stabilization period, groups of LVH and control hearts were subjected to the following infusion protocols: 15 minutes of vehicle followed by 30 minutes ofAng I plus vehicle, 15 The methods for in vitro autoradiography of ACE have been previously described.'0 Tissue for autoradiographic study was obtained immediately after killing the rats. The heart was dissected free, snap-frozen, and maintained at -20°C until processed. Coronal sections (20 gm) were cut through the left ventricle, maintained in a cryostat at -20°C, thaw-mounted onto gelatincoated slides, and dried in a desiccator for 2 hours at 4°C. Sections were incubated in 10 mM sodium phosphate buffer (pH 7.4) containing 150 mM sodium chloride, 2 g/L bovine serum albumin, and 0.3 ,uCi/mL 251I-351A for 1 hour at 20°C. Nonspecific binding was determined in parallel incubations with buffer containing 1 mM EDTA and 1 ,uM lisinopril. After incubation, the sections were transferred through four successive 1-minute rinses in buffer at 0°C, dried under cold air, and exposed to AGFA-Scopix CR3B x-ray film in cassettes for 3 days. X-ray films were processed in a Kodak RPXomat automatic developer, and the optical density of autoradiographs was quantitated using an EYE-COM model 850 image analysis system (Spatial Data Systems, Springfield, Va.) coupled to a Deck 11-23 LSI computer. Optical density was calibrated by fitting curves with a computer using standards carried through the above procedure.
Three rats with aortic stenosis and three shamoperated control rats were studied. Serial sections were taken from the left ventricle, with 12 sections analyzed from each heart. Autoradiograph density 
Perfusion Technique
The isolated isovolumic working rat heart preparation has been described in detail.7,2' Rats were injected intraperitoneally with 1.0-1.5 mL sodium pentobarbital (15 mg/mL), and the thorax was opened rapidly. Within 20 seconds, the hearts were placed into a water-jacketed constant temperature chamber (37°C), and the coronary arteries were perfused by a constant flow pump (Masterflex; Cole-Parmer, Inc.) through a short cannula inserted into the aortic root just below the level of the aortic clip. The In hearts from the rats with chronic aortic stenosis (LVH groups), coronary flow was adjusted to achieve a coronary perfusion pressure of 100 mm Hg and then was fixed at that level of flow throughout the subsequent experiment. In the control groups, coronary flow was adjusted to achieve a coronary perfusion pressure of 80 mm Hg and then was fixed at that level throughout the experiment. These differing levels of coronary flow and initial coronary perfusion pressures were selected in recognition of the difference between the in vivo mean coronary perfusion pressures to which the control and LVH groups were chronically exposed and because prior studies showed that this approach would achieve comparable myocardial perfusion flow rates per gram of left ventricular weight and an aerobic pattern of myocardial lactate extraction724 in both groups. The hearts were paced at 4 Hz throughout the experiment.
Experimental Protocol
The LVH and control hearts were distributed randomly to three infusion protocols, respectively. In the first protocol, LVH (n=7) and control (n=8) hearts received vehicle infusion for 15 minutes followed by infusion of 3 x 10`M Ang I (Sigma Chemical Co., St.
Louis, Mo.) for 30 minutes (Ang I). In the second protocol, LVH (n = 7) and control (n = 8) hearts received enalaprilat infusion (4x 106 M) for 15 minutes before and together with 30 minutes of 3 x O-7 M Ang I infusion (enal/Ang I). In the third protocol, LVH (n =5) and control (n =5) hearts were infused with vehicle forTo study whether the increase in LVEDP in Ang I-infused LVH Figure  1 ) as well as in aorta and coronary vessels. Quantitative analysis of coronal sections of three LVH and three control rat hearts revealed a twofold increase in left ventricular myocardial ACE density in LVH compared with control hearts (p<0.005) (Figures 1 and 2 (Figure 3 ). When enalaprilat was infused together with Ang I, the increase in coronary vascular resistance was significantly diminished. In LVH hearts perfused with enal/Ang I, coronary perfusion pressure was not significantly different from hearts perfused with vehicle only (Figure 4 ). We have recently shown that overall, cardiac ACE mRNA levels and activity are increased in rat hearts with pressure-overload LVH.7 In the present investigation, we extend these observations by the finding that ACE density is twofold higher in the myocardium of rats with pressure-overload LVH. Interestingly, the induction of cardiac ACE is not confined to the epicardial coronary vessels and cardiac valves but is diffusely distributed in the hypertrophied myocardium. The specific cellular sites at which ACE is localized cannot be addressed by this study. In this regard, preliminary immunohistochemical studies demonstrated that peroxidase-labeled goat-anti-rabbit ACE antibodies43 (supplied by Dr. R.I. Soffer, Cornell University Medical College, New York, N.Y.) localized to endothelial cells of myocardial capillaries, arteries, and veins as well as the endocardium. Staining of cardiac myocytes was minimal (J.F.M. Smits, unpublished observations). Furthermore, quantitative morphometric measurements showed a modest increase in fractional myocyte volume and capillary lumen volume without a significant increase in the endothelial cell volume in the hypertrophied hearts. Thus, the twofold increase in ACE density 140 -noted above is likely to be related to an upregulation of cardiac ACE expression rather than to a simple increase in the microvascular endothelial cell compartment. The mechanism for the induction of ACE remains unclear.
The functional importance of tissue ACE was demonstrated by intra-arterial infusions of Ang I. 16, [43] [44] [45] [46] [47] [48] More recently, the conversion rate of Ang I was measured biochemically in various tissues, including the heart.7'14'49 In the present study, we confirmed our recent observations7 that the intracardiac generation of Ang II during perfusion with Ang I was significantly higher in isolated beating hearts with LVH, providing more evidence for an activation of the cardiac converting enzyme in pressure-overload hypertrophy. 7 The key goal of the present study was to test whether a cardiac ACE-specific pathway in LVH accounts for the increased intracardiac Ang I conversion rate and its . 
